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Table II. Reaction of 8-Iodo-3-methyl-3-octene (1¢) (0.05 M) with LiAlH, (0.05 M)°

) b
CoH CoH CHa CzHs
2 SY\/\/\I 2 SY\/\/
CHga CHs

exp Z, % E, %t reagent solvent RX time, h Z, % E % total yield,* %

1 40.9 59.1 LAH Et,0 24 41.5 58.5 9.6 97.5

2 40.5 59.5 LAD Et,0 24 40.7 (94.2% D) 59.3 (94.7% D) 18.4 (89.4% D) 97.0 n3
3 41.2 58.8 LAH THF 3 40.9 59.1 0 98.1

4 41.0 59.0 LAD THF 3 40.1 (99.3% D) 59.9 (99.4% D) 0 98.1

5 41.0 59.0 5 LAD THF 3 40.5 59.5 0 98.1

4Reductions were carried out at room temperature under laboratory light. ® Normalized: 100% = % Z + % E. °Yields were determined

by GLC.

Scheme I1. Hydrogen Atom Radical Chain Process

R* or RS + AlHg AlHg " + RH or R¢H

3 8 5 8
be b
- - RI )
RI®” or ReI®™ + AlH3 a

or Rel (9)

that the Z/E ratio of the product of 1c¢ (41/59) does not
change from that of the reactant, indicating that the
double bond is not affected by these groups. Importantly,
when le was reduced with LiAlH, in ether, cyclized
product (7¢) was formed in 9.6% yield, and when 1¢ was
reduced with LiAlD,, cyclized product (8¢) was formed in
18.4% yield with 89.4% deuterium incorporation.?

When halide 1¢ (0.05 mmol) in 4 ml. of dry benzene was
treated with hexaphenylditin (0.005 mmol) in the presence
of a sun lamp, 96.2% of starting material was recovered,
and no cyclized iodide was detected after 24 h. Also the
same reaction with 0.01 mmol of hexaphenylditin in 4 mL
of dry ether under reflux produced 38% of the cyclized
reduction product 7¢; cyclized iodide 9¢ was not detected.
Since cyclized iodide 9¢ is not expected as an intermediate
in the reaction of LiAlH, with le, then the cyclized product
7c must come from the radical 6¢. Additional convincing
evidence comes from the reduction of 1¢ by LiAlD, in
ether. Not only is there significant protium content in the
cyclized product (11%) but also in the straight chain
product (56%). All of these data are clearly not compatible
with Newcomb’s interpretation but are compatible with
the mechanism shown in Scheme I.

We would also like to report that in addition to the
halogen atom radical chain process 3 — 6 1+ 9, which
accounts for some but not all of the cyclized products (7,
8), we have found evidence to support a hydrogen atom
radical chain process to account for the conversion of 3 —
5,6 — 8, and 9 — 8 by reaction of radicals R* (3) and R’
(6) with LiAlH, (Scheme II). Support for the hydrogen
atom radical chain process is based on (1) the increased
amount of 5 formed (3.3% to 9.4% to 15.2%) as the ratio
of LiAlH,:1 is increased from 0.1:1 to 1:1 to 5:1, showing
that radical 3 is quenched with LiAIH, at a faster rate in
competition with reaction with SH, LiAlH,**, and the
cyclization of 3 — 6, and (2) the results of an entrainment
experiment (Table III), which shows that although the
chloride 11 does not react with LiAlH, in THF for 48 or
92 h, 28% reaction of chloride 11 does take place over the
same period of time in the presence of an equivalent
amount of iodide (10). It has been shown that 11 is not
converted to 10 by reaction with Lil. Both of these studies

(9) Note added in proof. In similar studies two additional mimics
of 1h, 4-iodo-3,3-dimethyl-1-butene and 7-iodo-2,6,6-trimethyl-2-heptene,
were found to cyclize on reaction with LiAlH, to form the cyclized
product in 35% and 42% yield, respectively.
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Table III. Reaction of 10 and 11 with
LiAlH, in 0.5:0.5:1 Ratio

THF ( i W
+ + X
WX LiAtHg 45_'07 W S
A

92 h

% yield
X =1(10) 94 90.1 0
X =Cl(11) 0 0 100
X =1+ Cl(50%:50%) 8.9 52.3 36 (Cl)@

%14% of the 50% of the chloride or 28% of the total chloride
did react.

are consistent with the mechanism suggested in Scheme
IL.
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A New and General Synthesis of a-Silyl Carbonyl
Compounds by Si-H Insertion from Transition Metal
Catalyzed Reactions of Diazo Esters and Diazo
Ketones

Summary: «-Silyl esters and «-silyl ketones are formed
in high yield by Rhy(OAc),- or Cu(acac),-catalyzed de-
composition of diazo esters and diazo ketones in the
presence of organosilanes.

Sir:  Although a-silyl carbonyl compounds are widely
recognized for their utility in organic synthesis,' there are
few general methods available for their preparation. The
most widely investigated procedures involve enolate anion
displacement of chloride from chlorosilanes.? However,
only amide enolates undergo predominant C-silylation
under ordinary conditions.> With ester and lactone eno-

(1) (a) Colvin, F. Silicon in Organic Synthesis; Butterworths: Boston,
MA, 1981; Chapter 17. (b) Larson, G. L.; Quiroz, F.; Swarez, J. Synth.
Commun. 1983, 13, 833. (c) Hudrilik, P. F.; Hudrlik, A. M,; Misra, R. N;
Peterson, D. J.; Withers, G. P.; Kulkarni, A. K. J. Org. Chem. 1980, 45,
4444. (d) Fleming, I. Chem. Soc. Rev. 1981, 10, 83. (e) Betancourt de
Perez, R. M.; Fuentes, L. M,; Larson, G. L.; Barnes, C. L.; Heeg, M. J.
J. Org. Chem. 1986, 51, 2039. (f) Fiorenza, M.; Mordini, A.; Papaleo, S.;
Pastorelli, S.; Ricci, A. Tetrahedron Lett. 1985, 26, 787.

(2) (a) Larson, G. L.; Fuentes, L. M. J. Am. Chem. Soc. 1981, 103,
2418. (b) Fessenden, R. J.; Fessenden, J. S. J. Org. Chem. 1967, 32, 3535.

(3) (a) Woodbury, R. P.; Rathke, M. W. J. Org. Chem. 1978, 43, 881.
(b) Trost, B. M.; Junz, R. A. Ibid. 1974, 39, 2475.
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Table I. Synthesis of a-Silyl Esters and Ketones by
Rh;(OAc),-Catalyzed Decomposition of Diazo Compounds in the
Presence of Organosilanes®

diazo organo- [RgSiH] yield,?
compound silane [ZCOC(=NyR] product %
N,CHCOOEt Et;SiH 1.1 Et;SiCH,COOEt  94¢
N,CHCOOEt Ph;SiH 1.0 PhySiCH,COOEt 90
N,CHCOC- Et;SiH 1.5 Et;SiCH,COC- 89
(CHy)s (CHy)s
N,CHCOPh Et;SiH 1.8 Et3SiCH,COPh 95
N,CHCO- Et,SiH 2.0 Et3SiCH,- 854
CH,Ph COCH,Ph
N,C(CHjy)- Et;SiH 2.0 Et,SiCH(CH;)- 90¢
COPh COPh
N,CHCO- Et;SiH 2.1 Et;SiCH,CO- 89
(CH,)¢CH;, (CH,)¢CH;
o Et,SiH 2.0 o ggef
M 7(%? Etg
N2

Et,SiH 2.0 82¢h
o] 0]
N2

SiEtg

¢Reactions were typically performed with 2.0 mmol of diazo com-
pound using 10 mL of dichloromethane. ®Unless indicated otherwise,
the O-silylated enol ether either was not observed or was a trace com-
ponent of the reaction mixture. °Isolated distilled yield. %Contains 5%
2-indanone. °®Includes 10% relative yield of the corresponding silyl
enol ether. /Only one stereoisomer was obtained. #Includes 7% rela-
tive yield of the corresponding silyl enol ether; pure a-silyl ketone was
isolated in 70% yield after distillation. »Formed as a 65:35 mixture of
epimers.

lates, C- versus O-silylation is a function of the metal salt,?
solvent,? enolate,>® and chlorosilane structure,?® but ex-
clusive C-silylation can be made to occur for most simple
esters. Ketone enolates generally form only O-silylated
products,” although a-silyl ketones may be formed from
a-bromo ketones by O-silylation, transmetalation of the
resultant vinyl bromide, and subsequent rapid O- to C-silyl
migration.® As a consequence, B-ketosilanes are often
preferentially formed either by oxidation of 8-hydroxy-
silanes® or by Lewis acid catalyzed rearrangement of «,3-
epoxysilanes.® An attractive alternative to these methods,
suggested by the facile intermolecular C-H insertion re-
actions of catalytically generated metal carbenes,!! is
carbene insertion into the Si-H bond of organosilanes.
Silanes are excellent scavengers for free carbenes,'? but
their use in transition metal catalyzed reactions of diazo
compounds has not been explored beyond isolated exam-

(4) (a) Kruger, C. R.; Rochow, E. G. J. Organomet. Chem. 1964, 1, 476.
(b) Rathke, M. W.,; Sullivan, D. F. Synth. Commun. 1973, 3, 67. (c)
LeNoble, W. J. Synthesis 1970, 1.

(5) Larson, G. L.; Cruz de Maldonade, V.; Fuentes, L. M.; Torres, L.
E. J. Org. Chem. 1988, 53, 633.

(6) Helmchen, G.; Schmierer, R. Tetrahedron Lett. 1983, 24, 1235.

(7) (a) Rasmussen, J. K. Synthesis 1977, 91. (b) Brownbridge, P. Ibid.
1983, 1. (c) Brownbridge, P. Ibid. 1983, 85.

(8) (a) Sampson, P.; Wiemer, D. F. J. Chem. Soc., Chem. Commun.
1985, 1746. (b) Sampson, P.; Hammond, G. B.; Wiemer, D. F. J. Org.
Chem. 1986, 51, 4342.

(9) (a) Hudrlik, P. F.; Peterson, D. J. Am. Chem. Soc. 1975, 97, 1464.
(b) Fristad, W. E.; Bailey, T. R.; Paquette, L. A. J. Org. Chem. 1980, 45,
3028.

(10) (a) Eisch, J. J.; Galle, J. E. J. Org. Chem. 1976, 41, 2615. (b)
Hudrlik, R. F. Tetrahedron Lett. 1976, 1453. (c) Obayashi, M.; Utimoto,
K.; Nozaki, H. Ibid. 1977, 1807. (d) Obayashi, M.; Utimoto, K.; Nozaki,
H. Bull. Chem. Soc. Jpn. 1979, 52, 2646.

(11) (a) Doyle, M. P.; Shanklin, M. S.; Oon, S.-M.; Pho, H. Q.; vander
Heide, F. R.; Veal, W. R. J. Org. Chem. 1988, 53, 3384. (b) Taber, D.F;
Ruckle, R. E., Jr. J. Am. Chem. Soc. 1986, 108, 7686.

(12) (a) Doyle, M. P.; Taunton, J.; Oon, S.-M.; Liu, M. T. H.; Soun-
dararajan, N.; Platz, M. S.; Jackson, J. E. Tetrahedron Lett. In press.
(b) Stang, P. J.; Learned, A. E. J. Am. Chem. Soc. 1987, 109, 5019. (c)
Seyferth, D.; Damrauer, R.; Muli, J. Y.-P.; Jula, T. F. Ibid. 1968, 90, 2944.
(d) Seyferth, D.; Woodruff, R. A.; Mueller, D. C.; Lambert, R. L., Jr. J.
Organomet. Chem. 1972, 43, 55.
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ples of copper-catalyzed reactions with ethyl diazoacetate.!?
We report the remarkable facility for Si-H insertion by
metal carbenoid intermediates and describe the use of this
methodology for the synthesis of a-silyl esters and ketones.

Diazo carbonyl compounds are easily accessed from
carboxylic acids and ketones by a variety of standard
procedures,'* and their syntheses can generally be achieved
in high yield. The success of rhodium(II) acetate for C-H
insertion reactions of similarly constructed diazo com-
pounds!® prompted our use of this catalyst for Si-H in-
sertion into organosilanes (eq 1). Thus, for example,

0 0
. ]
7~ \ﬁ/ + R'gSiH —————R';:‘:::‘ /\THR (1)
Nj SiR’

treatment of 1-diazo-2-nonanone with 2.1 molar equiv of
triethylsilane in the presence of a catalytic amount of
Rhy(0Ac), resulted in the rapid evolution of dinitrogen and
the production of 1-(triethylsilyl)-2-octanone in 89% yield
without a trace of either the O-silylated enol ether or in-
tramolecular C-H insertion products. Representative
examples of the effectiveness of this methodology are re-
ported in Table I. Reactions were performed at room
temperature by using 1.0 mol % of Rhy(OAc),, based on
the limiting diazo compound. The diazo compound dis-
solved in dichloromethane was slowly added to the mixture
of organosilane and Rhy(OAc),, also in dichloromethane,
through a syringe pump to minimize carbene dimer for-
mation. After addition was complete, the resultant solu-
tion was concentrated, and the a-silyl carbonyl compound
was isolated by standard procedures.

As can be seen from Table I, a-silyl esters and ketones
are formed in consistently high yields by Rhy(OAc)-cat-
alyzed decomposition of diazo carbonyl compounds. Ex-
cept in reactions of a-alkyl-substituted diazo ketones such
as a-diazopropiophenone or 4-tert-butyl-2-diazocyclo-
hexanone, where the silyl enol ether is a minor component
of the reaction mixture,!® O-silylation is not competitive
with C-silylation. That any O-silyl enol ether is formed
is surprising, however, in view of the presumed involve-
ment of metal carbenes in these processes,!” but such
products may have resulted from an ene reaction of the
metal carbene intermediate. As expected from a metal
carbene transformation, complete retention of configura-
tion is observed in the Rhy(OAc),-catalyzed decomposition
of ethyl diazoacetate in the presence of 1.2 molar equiv of
(S)-(1-naphthyl)phenylmethylsilane (eq 2).18

Rhy(OAc),

CHLl,y

97%
(R)-(1-Np)PhMeSiCH,COOEt (2)
[o]p? = -4.60°

(S)-(1-Np)PhMeSiH + N,CHCOOEt
[a]p? = —34.5°

(13) (a) Rijkens, F.; Janssen, M. J.; Drenth, W.; van der Kerk, G. M.
J. Organomet. Chem. 1964, 2, 347. (b) Danilkina, L. P.; Mil’kina, V. N.;
Dorokhova, O. V. Zh. Obshch. Khim. 1975, 45, 2014. (c) Brook, A. G,;
Duff, J. H.; Anderson, D. G. J. Am. Chem. Soc. 1970, 92, 7567.

(14) Regitz, M.; Maas, G. Aliphatic Diazo Compounds—Properties
and Synthesis; Academic Press: New York, 1987,

(15) Maas, G. Top. Curr. Chem. 1987, 137, 75.

(16) Increasing the bulk of the organosilane increases the relative yield
of the silyl enol ether. With a-diazopropiophenone, the relative yield of
O-silylated product increased from 10% (Et;SiH) to 18% (t-BuMe,SiH)
and 20% (MePh,SiH).

(17) (a) Doyle, M. P. Chem. Rev. 1986, 86, 919. (b) Doyle, M. P. Acc.
Chem. Res. 1986, 19, 348,

(18) Optically pure (S)-(1-Np)PhMeSiH, [«]?'p = -34.4°; Corriu, R.
J. P.; Moreau, J. J. E. Bull. Soc. Chim. Fr. 1975, 3, 901. Optically pure
(R)-(1-Np)PhMeSiCH,COOEL, [a]*p = -4.69°: ref 5 and 13c.
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Intermolecular Si-H insertion competes effectively with

intramolecular processes. For example, intramolecular
C-H insertion reactions!® of 1-diazo-2-nonanone, 3-diazo-
bicyclo[2.2.1]heptan-2-one, and 2-diazo-4-tert-butyleyclo-
hexanone are not observed in the presence of organosilanes.
However, electrophilic substitution from catalytic decom-
position of 1-diazo-3-phenyl-2-propanone resulting in the
formation of 2-indanone? is not completely supressed with
the use of 2.0 molar equiv of triethylsilane. As an alter-
native, copper(Il) acetylacetonate, which is not as active
as Rhy(OAc), for electrophilic substitution reactions,
promotes only C-silylation in the decomposition of 1-dia-
zo0-3-phenyl-2-propanone (91% yield with Et;SiH, 2.5
molar equiv).

The use of Cu(acac), as an alternative to Rhy(OAc), was
examined. With a-diazoacetophenone, Cu(acac), promoted
Si—H insertion with triethylsilane to give the corresponding
a-(triethylsilyl)acetophenone cleanly in 95% yield when
this reaction was performed in refluxing dichloromethane.”
However, the product mixture from the reaction between
a-diazopropiophenone and triethylsilane was complex
relative to that from reactions performed with Rh,(OAc),,
the yield of silylated ketone was low (<60%), and the
relative amount of O-silylation (12%) was comparable to
that obtained with Rhy(OAc),. Thus Cu(acac), in refluxing
dichloromethane appears to be comparable to Rhy(OAc),
in its effectiveness for Si—-H insertion except with «-al-
kyl-substituted diazo ketones. Investigations of this and
related insertion reactions are currently under way.
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A Concise Route to the Penitrem Series of
Tremorgenic Mycotoxins: Preparation of an
Oxocane-Fused Indole

Summary: In this paper we record an efficient synthesis
of tricyclic aniline 4, an advanced intermediate which em-
bodies the B-C-D rings of penitrem D (1). In addition,
a diminutive version of the natural product, hexacycle 10,
was prepared.

Sir: In an elegant series of papers published in 1981-1983,
Steyn et al. announced the structures of the penitrems
(A-F), a small family of tremorgenic mycotoxins produced
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Figure 1.

by the ergot fungus Penicillium crustosum.'® The con-
nectivity and relative stereochemistry of these complex
metabolites were deduced primarily by means of high-field
NMR experiments; the “partial resolution” method of
Horeau served to establish their absolute configuration.?
At that time, several studies had already implicated the
penitrems in livestock syndromes characterized by acute
neurologic dysfunction.?22* Intrigued by their novel ar-
chitecture, we recently mounted an investigation with a

(1) (a) De Jesus, A. E,; Steyn, P. S.; Van Heerden, F. R.; Vleggaar, R.;
Wessels, P. L.; Hull, W. E. J. Chem. Soc., Chem. Commun. 1981, 289-291.
(b) De Jesus, A. E.; Hull, W. E,; Steyn, P. S.; Van Heerden, F. R.; Vleg-
gaar, R.; Wessels, P. L. J. Chem. Soc., Chem. Commun. 1982, 837-838.
(c) De Jesus, A. E.; Steyn, P. S.; Van Heerden, F. R.; Vleggaar, R.;
Wessels, P. L.; Hull, W. E. J. Chem. Soc., Perkin Trans. 1 1983,
1847-1861. (d) De Jesus, A. E. Gorst-Allman, C. P.; Steyn, P. S.; Van
Heerden, F. R.; Vleggaar, R.; Wessels, P. L.; Hull, W. E. J. Chem. Soc.,
Perkin Trans 1 1983, 1863-1868.

(2) Isolation studies, see: (a) Wilson, B. J.; Wilson, C. H.; Hayes, A.
W. Nature 1968, 220, 77-78. (b) Ciegler, A. Appl. Microbiol. 1969, 18,
128-129. (c) Ciegler, A,; Pitt, J. I. Mycopathol. Mycol. Appl. 1970, 42,
119-124. (d) Hou, C. T,; Ciegler, A.; Hesseltine, C: W. Can. J. Microbiol.
1971, 17, 599-603. (e) Pitt, J. L. Mycologia 1979, 71, 1166-1177. (f)
Wagener, R. E.; Davis, N. D.; Diener, U. L. Appl. Environ. Microbicl.
1980, 39, 882-887. (g) Vesonder, R. F.; Tjarks, L.; Rohwedder, W;
Kieswetter, D. O. Experentia 1980, 36, 1308. (h) Kyriakidis, N.; Waight,
E. S;; Day, J. B.; Mantle, P. G. Appl. Environ. Microbiol. 1981, 42, 61-62.

(3) (a) Horeau, A. Tetrahedron Lett. 1961, 506-512. (b) Horeau, A ;
Sutherland, J. K.; J. Chem. Soc. C 1966, 247-248. (c) Herz, W.; Kagan,
H. B. J. Org. Chem. 1967, 32, 216-218.
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